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DQG WKHLU HIIHFWLYHQHVV LV QHFHVVDU\ .RKOHU  2NUHQW  7KLV FRXOG EH DFKLHYHG E\ WKH DFTXLVLWLRQ RI
DSSURSULDWHSK\VLFDOTXDQWLWLHV HJSDUDPHWHUVRI WKHGULYHPRWRU WUDQVPLVVLRQ HOHFWULFGULYHK\GUDXOLF V\VWHP
WLUHVHWFLQWHJUDWLRQRIGDWDIURPWKHCAN-BUSDQGWDNLQJLQWRDFFRXQWWKHLQIRUPDWLRQDERXWWKHORFDWLRQ5DOVWRQ




DUH YHU\ LQIRUPDWLYH HJ LQ GDPDJH DVVHVVPHQW %DUWNRZLDN HW DO  WKH SUREOHP RI RXWOLHUV KDV WR EH













FDQ ILQG PHWKRGV IRU QRQVWDWLRQDU\ RLO WHPSHUDWXUH VLJQDOV DQG HQJLQH USP VLJQDOV SURFHVVLQJ:H SURSRVH WR
LQFRUSRUDWHDQDSSURSULDWHWRROWRSURFHVVWKHK\GUDXOLFSUHVVXUHVLJQDOQDPHO\WKH.DOPDQILOWHU7KH.DOPDQILOWHU
LVDZLGHO\XVHGWRROIRURSWLPDOILOWHULQJRIQRVWDWLRQDU\VLJQDOV*UHZDOHWDO,WPLJKWEHDOVRXVHGDVD
VPRRWKLQJILOWHU7KHVPRRWKHGK\GUDXOLFSUHVVXUH LVPXFKHDVLHU WRSURFHVV WKXVDVLPSOH WKUHVKROGLQJPLJKWEH
DSSOLHGLQRUGHUWRLQGHQWLI\F\FOHVUHODWHGWRWKHEDVLFORDGHU¶VURXWLQHV7KHSDSHULVVWUXFWXUHGDVIROORZV,Q6HFW
ZHGHVFULEHURXWLQHVWKDWDUHUHODWHGWRWKHRSHUDWLRQRIWKHORDGHU






PDFKLQHU\ FKDPEHU ZKHUH LW LV EHLQJ SUHSDUHG IRU ZRUN FKHFNUHILOO RI DOO H[SORLWDWLRQ IOXLGV DQG OXEULFDWLRQ
WDQNLQJ IXHO HWF 'XULQJ IXHOOLQJ WKH PHDVXUHG GDWD DUH WUDQVPLWWHG IURP WKH PDFKLQH UHFRUGHU WR WKH ,7
LQIUDVWUXFWXUHV\VWHPDQGVWRUDJHLQWKHGDWDFXEH
7KHQWKHPDFKLQHGULYHVWRZDUGVDQH[SORLWDWLRQDUHD'XHWRWKHGLVWDQFHEHWZHHQWKHPLQLQJIDFHDQGGXPSLQJ












,Q WKLV SDSHU D QRYHO WHFKQLTXH IRU WKH LGHQWLILFDWLRQ RI ORDGHU RSHUDWLQJ F\FOHV EDVHG RQ WKH SUHVVXUH VLJQDO
PHDVXUHGDW WKHXSSHUFKDPEHURIDEXFNHW¶VK\GUDXOLFF\OLQGHU LVSUHVHQWHG ,W UHTXLUHV WR WDNH LQWRDFFRXQWDQ\
SRVVLEOHEHKDYLRXUVRIWKHRSHUDWRUDQGKLVPDQQHUVH[SORLWDWLRQHYHQWVFRQYH\RUIDLOXUH LQFUHDVHGURDGWUDIILF
RSHUDWLQJPRGHDGGLWLRQDOZRUNVFOHDQXSZRUNHWF
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4.1. Kalman filter as a tool for signal smoothing 











ZKHUH nx GHVFULEHV WKH VWDWH DW WLPH n  ny LV WKHPHDVXUHG VLJQDO  Nn   A  B DQGC DUH VWDWH
LQSXW DQ RXWSXW PDWULFHV KHUH [ PDWULFHV nv DQG nw VWDQGV IRU PHDVXUHPHQW DQG SURFHVV QRLVH
UHVSHFWLYHO\DQGWKH\DUHFRQVLGHUHGWREH]HURPHDQLQGHSHQGHQWWRHDFKRWKHUDQG*DXVVLDQ&RYDULDQFHPDWULFHV
KHUH YDULDQFHV RI WKHVH QRLVHV DUH GHQRWHG DVV DQGW  UHVSHFWLYHO\ 7KH DOJRULWKP WKDW ILQGV WKH VPRRWKHG
VLJQDO Nnnysmooth   LVDVIROORZV
6HW A DQGC 
6HWYDULDQFHV9DQG:
6HWWKHLQLWLDOVWDWH x DQGWKHHUURUFRYDULDQFH P 
,QLWLDOL]HSUHGLFWHGa prioriDQGXSGDWHGa posterioriVWDWHV xxpri   xxpost  
,QLWLDOL]HSUHGLFWHGa prioriDQGXSGDWHGa posterioriHUURUFRYDULDQFHV PPpri   PPpost  
6HW postsmooth xy   
)RU Nk  GR




    SCPKWCCPSCxky pripripriH 
 
 KSKPPKxx pripostpripost   H 
 postsmooth xky   
,Q WKLV SDUWLFXODU DSSOLFDWLRQ FRYDULDQFHV P  priP DQG postP DUH [ PDWULFHV 0RUHRYHU AA  





S    VLQFH A C K DQG S DUH[PDWULFHVDVZHOOK LVFDOOHG.DOPDQJDLQDQG S LVWKH
UHVLGXDO FRYDULDQFH ERWK DUH [ PDWULFHV 7KH SDUDPHWHUV FKRVHQ IRU WKH FDVH FRQVLGHUHG LQ WKLV SDSHU DUH
SUHVHQWHG LQ 6HFW  6PRRWKLQJ LV D FUXFLDO VWHS LQ WKH DOJRULWKP VLQFH UDSLG UDQGRP FKDQJHV RI WKHPHDVXUHG
SUHVVXUHPLJKWLQIOXHQFHWKHQH[WVWHSVRIWKHDOJRULWKPIRUFRXQWLQJORDGXQORDGF\FOHV
4.2. Full-empty bucket representation 
7KHQH[WVWHSRIWKHSURSRVHGDOJRULWKPLVWRWUDQVIRUPWKHVPRRWKHGSUHVVXUHVLJQDO nysmooth LQWRD%RROHDQ
YDOXHG VLJQDO 7KH LGHD LV WR REWDLQ D VLJQDO ZKLFK LQGLFDWHV ZKHWKHU WKH EXFNHW LV ORDGHG RU QRW ,Q RUGHU WR
GLVWLQJXLVKEHWZHHQWKHVHFODVVHVZHVHWDWKUHVKROGRQWKHSUHVVXUHD[LV7KHQHYHU\YDOXHKLJKHURUHTXDOWRWKH
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UHODWHGWRWKHHPSW\EXFNHW7KXVPDQ\UHDVRQDEOHWKUHVKROGVPLJKSURYLGHVLPLODUUHVXOWV
4.3. Identification of loading/unloading cycles 
*LYHQD%RROHDQYDOXHGVLJQDOWKDWGHQRWHVSUHVHQFHRIWKHPDWHULDOLQWKHEXFNHWLWLVFUXFLDOWRLQGLFDWHZKLFK
WUDQVLWLRQVIURPORDGHGEXFNHWLQWRWKHHPSW\DUHUHODWHGZLWKXQORDGLQJDQGZKLFKDUHUHODWHGWRWHPSRUDU\FKDQJHV
RI SUHVVXUH:H SURSRVH WR H[DPLQH WKH OHQJWK RI HDFK SHULRG GXULQJZKLFK WKH %RROHDQYDOXHG VLJQDO Booleany 
HTXDOV  ,W LV DVVXPHG WKDW DSSURSULDWO\ ORQJ SHULRGV ZLWK KLJK SUHVVXUH GHQRWH WKH SHULRG ZKHQ WKH ORDGHU LV
PRYLQJ IURP WKH PLQLQJ IDFH WR WKH GXPSLQJ SRLQW 7KH WKUHVKROG QDPHO\ durationR  PLJKW EH D SDUDPHWHU
GHSHQGLQJRQWKHGLVWDQFHEHWZHHQWKHPLQLQJIDFHDQGWKHGXPSLQJSRLQW
$SSOLFDWLRQRISURFHGXUHWRUHDOGDWD
,Q WKLV VHFWLRQZH SUHVHQW DQ DSSOLFDWLRQ RI WKH SURSRVHG SURFHGXUH WR WKH H[HPSODU\ UHDO GDWD VHW 7KH UDZ






UHDVRQDEOH WKHUHVKROG pressureR  7KXV D VXIILFLHQWO\ ORQJ LQWHUYDO RI Booleany HTXDO WR  ORQJHU WKDQ durationR 
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WKHDOJRULWKPVLQFHLWPDNHVSDUDPHWHUVRIIXUWKHUSURFHVVLQJWKUHVKROGLQJOHVVLQIOXHQWLDORQWKHILQDOUHVXOW7KH
QXPEHU RI F\FOHV FRXQWHG E\ WKH DOJRULWKP PLJKW EH D YDOXDEOH DOWHUQDWLYH WR WKH LQIRUPDWLRQ SURYLGHG E\ WKH
RSHUDWRUVPLJKWEHDIIHFWHGE\ WKHKXPDQ IDFWRU6XFKDQDXWRPDWLFDOJRULWKPPDNHV LWSRVVLEOH WR LPSOHPHQWD
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